Summary The effect of extreme calcium reduction was studied in rabbit sino-atrial node cells treated with K-free media. Ca removal (Ca =0, EGTA = 6 mM) suppressed spontaneous miniature fluctuations elicited by exposure to the K-free media. Further, successive exposure to the Ca-free, EGTA solutions produced a propagated action potential and suppressed a contracture. The action potential was not noticeably altered by tetrodotoxin (TTX). In the presence of normal K0, reducing the bathing calcium concentration with EGTA prolonged the duration of the action potential. The potential induced by Ca removal was similar to that observed in the K-free media. From these results, we have concluded that a drastic reduction in the extracellular Ca concentration produces a decrease in the overloaded Ca in the cell exposed to the K-free media, resulting in an increase in the amplitude of action potentials.
It is known that lowering Ko leads to arrhythmogenic actions similar to those seen during cardiotonic steroid intoxication (LEDERER and TsIEN, 1976; KAss et al., 1978a, b; EISNER and LEDERER, 1979) . The arrhythmogenic action is influenced by the bathing calcium concentration. Until now there has been no detailed observation of the time course for the effects of Ca-free, EGTA solutions on rabbit sinoatrial node cells treated with the K-free media. The present experiments were conducted in order to observe the influence of lowering Cao on quiescent preparations treated with the K-free media. Removal of external calcium produced a propagated action potential in the rabbit sino-atrial node preparations treated with the K-free media. The term propagated action potential is used to indicate the potential changes occurring from suppressed miniature fluctuations (IRISAwA and NOMA, 1977; AKSELROD et al., 1979; MATSUDA et al., 1982) to large potentials.
Rabbits of either sex weighing 1.0-2.0 kg were anesthetized with ether. The heart was quickly removed from the thorax. Strips were cut from the region of the sino-atrial node parallel to the crista terminalis. The strands were placed in a chamber with a volume of 1 ml superfused with an oxygenated Tyrode solution maintained at 37.0 + 0.5°C. The sino-atrial node tissue was further trimmed to a piece smaller than 0.5 x 0.5 mm. The flow rate of perfusates through the recording chamber was 2.5-3.0 ml/min. The transmembrane potential was recorded by means of conventional glass microelectrodes filled with 3 M of KCI. Microelectrode resistance was 30-45 MSS. Signals were led to an oscilloscope (VC-9, Nihon Kohden) via a high input impedance preamplifier (MEZ-8201, Nihon Kohden) and photographed with a camera or continuously recorded on a pen recorder. When the tension of the sino-atrial node preparation was measured, the usual size of the specimen was 3 mm in length and 1 mm in width. Tension was measured with a force-displacement transducer (SB-iT, Nihon Kohden). One end of the tissue was fixed with a rigid steel pin and the other was tied to the beam of a force transducer. The contractile force and the electrical activity were continuously recorded on a pen recorder.
The preparation was perfused with a normal Tyrode solution of the following composition (mM); NaC1,162.1; KCI, 3; MgC12.6H2O,1.05; CaCl2.2H2O, 2.5; Tris, 10; and glucose, 1.4 g/l. The pH was maintained at 7.4 with maleate and Nacetylglycine. K-free Ca-containing, and K-free Ca-free solutions were made up by omitting KCl and CaCl2 from the normal Tyrode solution. The EGTA solution were prepared by adding 6 mM EGTA to the Ca-free solution or the K-free Ca-free solution. The pH was adjusted to 7.4 by titrating with NaOH. The EGTA solution was superfused to the perfusion chamber within 30 s after the sino-atrial node preparation became quiescent in the K-free solution. Tetrodotoxin (TTX) and atropine sulfate was added to the bathing media in appropriate amounts. All experiments were performed in the presence of 10-6 M atropine because of the removal of ACh-release from autonomic nerves (THAEMERT, 1969; AKSELROD et al., 1979) . All experiments except those illustrated in Fig. 1 B were performed under conditions where the Na-K pump was inhibited by the K-free media. All solutions were oxygenated with 100% 02 gas. Experimental values are presented as mean + standard error.
The toxic effects of the K-free media in a spontaneously beating preparation are illustrated in Fig. 1A . When the preparation was perfused with the K-free media, the preparation became quiescent within 8 min. Spontaneous voltage fluctuations were always kept to less than 2 mV when the resting potential was continuously recorded for approximately 20 min.
The effects of Ca removal (Ca = 0, EGTA = 6 mM) in a sino-atrial node preparation without pretreatment from the K-free media are illustrated in Fig. l B.
Reducing the bathing Ca concentration with EGTA prolonged the duration of the action potential (Fig. 1B-1) . Details of the potential for Fig. 1 B-1 are shown in lower trace 1. Figure 2A shows the influence of Ca removal (Ca = 0, EGTA = 6 mM) on preparations treated with the K-free media. The miniature voltage fluctuations ( Fig.  2A-1) elicited by exposing the preparation to the K-free solution were markedly diminished after exposure to the EGTA solution ( Fig. 2A-2 ). Further, a prolonged exposure to the EGTA solution produced a large and rapid increase in the amplitude of action potentials. The amplitude of the propagated action potentials increased from suppressed miniature fluctuations to a maximum value of 74±2 mV (n =7) ( Fig. 2A-3 ). The action potentials appeared at 54±5s (n =7) after the onset of the EGTA solution flow. The resting potential before initiation of the action potentials reached a value of -30±2 mV (n = 7). Details of the action potential for Fig. 2A -l, 2, and 3 are shown in lower traces 1, 2, and 3. The effect of 106 g/ml Vol. 36, No. 2, 1986 Fig.
u.csec 1. A: effect of superfusing a rabbit sino-atrial node preparation with a K-free medium on action potentials. B: effect of superfusing a preparation with Ca-free,TTX on the action potentials in sino-atrial node cells treated with K-free media was examined, since TTX is known to block the transmembrane Na current (DUDEL et al., 1967) . TTX had no effect on the action potentials induced by removing Cao (Fig.  2B) . When sino-atrial node preparations were submitted to the K-free media, mechanical (Fig. 2C-upper trace) and electrical (Fig. 2C-lower trace) activities ceased within 21 min. Further removal of extracellular calcium (Ca =0, EGTA = 6 mM) produced a propagated action potential, but a contracture was rapidly suppressed.
In the present experiments on rabbit sino-atrial node cells perfused with the Kfree media, removal of Cao produced a propagated action potential. Spontaneous activities resembling normal action potential and diastolic depolarizations were also observed at the peak potential level when the propagated action potentials were being induced, while the duration of the propagated action potential was dramatically increased ( Fig. 2A-3 ). The removal of Cao induced a prolonged action potential in spontaneously beating preparations bathed in a normal K solution (Fig.  1B-1) . Removal of external Ca also leads to a rapid decrease in contracture, presumably due to a reduction in the Ca overloaded state (Fig. 2C) . In addition, spontaneous miniature fluctuations easily developed in sino-atrial node cells treated with the K-free media ( Fig. 2A-1) , and the fluctuation was promptly abolished in the EGTA Ringer ( Fig. 2A-2) , MATSUDA et al. (1982) suggest that the spontaneous miniature fluctuations in membrane potential or current result from an oscillatory release of Ca from intracellular storage sites, and that the fluctuations are eliminated by intracellular injections of EGTA. As suggested by KASS et al. (1978a, b) , when the cells were perfused with strophanthidin, they reached a state of Ca overload which is accompanied by oscillatory movements of Ca between intracellular stores and myoplasm. Elevating intracellular Ca levels leads to an increase in potassium conductance (Gk) (ISENBERG, 1977) . Therefore, if intracellular Ca (Ca;) is leached out of the cell in the EGTA solution and the failure of the Ca influx in the EGTA solution results in a reduced Cai or Gk, the present results reveal Fig. 2 . Effects of Ca-free, EGTA solutions on spontaneous rabbit sinus node preparations treated with a K-free media. A: the miniature voltage fluctuations (1) elicited by exposure to the K-free solution were markedly diminished after superfusing the preparation with a Ca-free, 6 mM EGTA solution (2). Successive exposure to the Ca-free, 6 mM EGTA solution produced a large and rapid increase in the amplitude of the action potential (3). 3: normal action potentials recorded in the control (square) and propagated action potentials (3) induced by removal of Cao were superimposed to show the larger amplitude and change in the spontaneous rate, diastolic potential and duration of the action potentials. B: effect of TTX on the action potential induced by removal of Cao (Ca = 0, EGTA = 6 mM). This action potential is not noticeably altered by 10-6 g/ ml TTX. Nor: normal Tyrode solution. C: effect of superfusing a K-free media-treated preparation with a Ca-free, EGTA solution on mechanical tension (upper trace) and membrane potential (lower trace). Ca removal suppresses a contracture but induces a propagated action potential.
that reduction in Ca; overload induced by exposure to K-free solutions produces a rapid appearance of action potentials. Furthermore, in a Ca-free solution, the K conductance decreases and the prolongation of action potential appears to be due to the depression of K current (URATA and GoTo, 1982) . Since the removal of Cao prolongs the duration of the action potential ( Fig. 2A-3) , the appearance of action potentials is related to Gk reduction by use of Ca chelators. On the other hand, the slow inward current (IS;) is assumed to be one of the important factors increasing the amplitude of action potentials. The IS; is activated on depolarization to -40 mV or more of positive potentials (TRAUTWEIN, 1973) . The slow sodium inward current may be important in developing the action potentials because sodium ions carry the IS; in the Ca-free solution (URATA and GoTo, 1982) . In conclusion, the present results show that in sino-atrial node cells treated with a K-free media, removal of external Ca produced propagated action potentials and that drastic reduction in extracellular Ca concentration produced a decrease in the overloaded Ca in the cell exposed to the K-free media, resulting in an increase in the amplitude of action potentials. 793-835. URATA, M. and GoTo, M. (1982) Membrane currents related to configuration changes in the action potential of frog atrial muscle in Na-and Ca-free conditions. J. Mol. Cell. Cardiol., 14: 371-379.
